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ABSTRACT 
Seed Reserves in Stockpiled Topso'il on a 
Coal Mine Near Kemmerer, Wyoming 
Cynthia K. Johnson, Master of Science 
Utah State University, 1984 
Major Professor: Neil E. West 
Department: Range Science 
vi 
The objectives of this study were to determine how seed reserves 
varied with depth in topsoil stockpiles and to evaluate the effect of 
length of time of storage on the number of viable seeds and number of 
species of seeds. 
Soil samples were taken from five topsoil piles representing zero 
to three years of storage on the Elkol-Sorenson mine near Kemmerer in 
southwestern Wyoming. Seeds were extracted using flotation/separation 
methods and were tested for viability using 2,3,5-triphenyl tetrazolium 
chloride solution. Data were analyzed using nonparametric statistical 
tests. 
Overall density of seeds in topsoil piles was low. No 
relationship was found between depth into the topsoil pile and the 
number of seeds or species. 
The number of seeds and species in the topsoil pile showed no 
decrease with increasing length of time of storage. The proportion of 
annual species in the seed reserve was not shown to increase with 
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length of time of storage. Comparisons were made between the species 
composition of the seed reserve in the topsoil piles and the species 
composition of vegetation on sites selected to represent the sites of 
origin of the topsoil. Factors affecting the density, species 
composition and species richness of stored topsoil were suggested to be 
the plant community on the soil to be removed, depth of soil removed, 
and timing of topsoil removal. 
(48 pages) 
INTRODUCTION 
Initial conditions of a site have an important effect on 
successional processes. Chemical, physical and biological conditions 
directly following the initiation of succession by a disturbance can 
determine the direction and rate of development of the vegetation. One 
of the important biological factors affecting vegetation development is 
the "flora" which has been defined as "the assemblage of different 
kinds of plant disseminules reaching the site." (Major and Pyott, 1966, 
P• 253). All three of Connell and Slatyer's (1977) models of 
succession emphasize the effects of the initial plant colonizers on 
subsequent processes. In all of the models, the early occupants modify 
the site to be more or to be less suitable for recruitment of early or 
late successional species. The importance of the early occupants of a 
site to subsequent successional processes has been stressed by several 
authors (Egler, 1954; Barbour and Lange, 1967; Bormann and Likens, 
1979; MacMahon, 1980; Roberts, 1981). 
Seeds and vegetative propagules present in the soil at the time of 
disturbance constitute the "initial floristic composition" of the site 
(Egler, 1954). This initial floristic composition may exert more of an 
influence on the direction of subsequent vegetation development than 
the immigrating disseminules as a result of being present on the site 
first, and thus, producing more of the initial colonizers of the site. 
The initial floristic composition may also be very important for 
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introducing later successional species to the site earlier than the 
process of immigration. Later successional species depend to a large 
extent on vegetative reproduction and produce few seeds. The seeds 
that are produced are usually large and are not highly vagile 
(MacMahon, 1980; Silvertown, 1982). Later successional species will be 
more frequently represented as vegetative propagules and seeds in the 
initial floristic composition than as seeds in the input of migrants. 
The rate of succession may be affected through the early introduction 
of later successional species by the seeds and vegetative propagules 
present in the soil (Roberts and Dawkins, 1967; Livingston and 
Allessio, 1968; Drury and Nisbet, 1973). 
Successional processes are fundamental to the revegetation of land 
disturbed by coal mining. Legislation has defined both the direction 
and the rate in which succession must proceed. The goal of the 
revegetation efforts is required by Public Law 95-87 to be: 
a diverse, effective and permanent vegetative cover of the same 
seasonal variety native to the area of land to affected and 
capable of self-regeneration and plant succession at least equal 
in extent of cover to the natural vegetation of the area ••• 
The rate must be such that revegetation is completed within the ten 
year bond period. Because of its effects on the direction and rate of 
succession, the initial floristic composition is a factor that should 
be considered in revegetation efforts. 
In order to comply with regulations regarding revegetation, large 
quantities of native seed are necessary. Commercially available seed 
is limited in species and quantity. It is also unlikely that seed from 
ecotypes specifically adapted to the revegetation site will be 
available. The initial floristic composition is a source of 
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inexpensive, diverse and ecologically adapted vegetation (Beauchamp, et 
al., 1975; Howard and Samuel, 1979). 
Direct reapplication of topsoil may be necessary to maximize the 
contribution of the seed and vegetative propagule reserve to 
revegetation (Howard and Samuel, 1979; Hinchman and Taylor, 1981; 
Jastrow, 1981). Direct reapplication may also be necessary to maintain 
the microbial, fungal, and other components of the soil which may be 
critical for germination of seeds and establishment of the vegetation. 
Seeds possess dormancy mechanisms but different species exhibit 
different longevities (Taylorson, 1970; Rabinowitz, 1981). Large seeds 
generally germinate rapidly to avoid predation (Thompson, 197 8 ). 
Grasses generally do not persist for long periods. Legumes are more 
persistent and weed seeds are the most persistent due to hard seed 
coats and effective dormancy mechanisms (Lewis, 1973; Cook, 1980) 
Storage of topsoil may result in a change in species composition of the 
seed reserve due to differential survival. 
Loss of seed viability results from several causes: 1) breakdown 
of dormancy mechanisms resulting in germination while buried too deeply 
for emergence, 2) loss of viability due to metabolic ageing, and 3) 
losses to predators and pathogens (Cook, 1980). Conditions within a 
topsoil stockpile may interact with these factors to affect seed 
viability. Germination has been shown to be affected by oxygen 
content, moisture, fluctuating 
concentrations, and light (Gordon, 
temperatures, carbon dioxide 
1973; Lewis, 1973). Conditions of 
deep burial that would promote seed longevity by enforcement of 
dormancy are the absence of light, low oxygen content and damping of 
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temperature fluctuations (Shields, 1970; Edwards, 1973; Roberts and 
Neilson, 1980). Metabolic ageing would be reduced by the low oxygen 
content and low temperatures of deep burial in the soil (Come and 
Tissaoui, 1973; Villiers, 1973). Following a disturbance, seed numbers 
in the soil have been shown to decrease at an exponential rate (Roberts 
and Dawkins, 1967; Roberts and Feast, 1973). However, this decrease 
may proceed at a slower rate due to conditions within the stockpile. 
Few studies have been made of the effect of topsoil removal and 
storage on the seed reserve. In North Dakota, Brophy (1980) found very 
low numbers of viable seeds in stockpiled topsoil. Plants germinating 
on topsoiled sites were attributed to short-distance dispersal of seed 
from neighboring communities. Iverson (1981) and Iverson and Wali 
(198 2 ) also reported very low numbers of seeds in stockpiled topsoil in 
North Dakota. Initial colonizers of topsoiled sites were attributed to 
dispersal in space (immigration) while vegetation in later stages of 
succession appeared to be influenced by the persistent seeds in the 
seed reserve (dispersal in time). 
Beauchamp, et al. (1975) found enough seeds in undisturbed topsoil 
in southwestern Wyoming to allow revegetation to more than the original 
plant density on the undisturbed site. However, most of the seedlings 
produced were of early successional species. Howard and Samuel (1979) 
found the topsoil at the Kemmerer coal mine site to be a valuable 
source of vegetative propagules of later successional species when the 
topsoil was respread without storage. Average plant density was too 
low to meet revegetation standards, but the seed and propagule reserve 
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was a source of increased plant diversity in later stages of vegetation 
development. 
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OBJECTIVES 
This study was proposed to examine the location and the effect of 
length of storage time on the seed and vegetative propagule reserve in 
stockpiled topsoil. The objectives and associated null hypotheses were 
as follows: 
Objective: 
Hypothesis: 
Objective: 
Hypothesis: 
To determine the position of the original seed 
and vegetative propagule reserve in topsoil 
stockpiles. 
The density of the seed and vegetative 
propagule reserve in stockpiled topsoil does 
not vary with depth into the topsoil pile. 
To det e rmine the effect of length of time of 
storage on the number of seeds and vegetative 
propagules present in stored topsoil, on the 
species composition of the seeds and 
propagules, and on the proportion of the viable 
seeds and propagules representing later 
successional stages. 
The number of viable propagules will not 
decrease with increasing storage time. 
Hypothesis: The species composition of the propagules will 
not change with increasing storage time. 
Hypothesis: The proportion of viable propagules 
representing later successional stages will not 
decrease with increasing storage time. 
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SITE DESCRIPTION 
The study site was located on the Pittsburgh and Midway Coal 
Mining Company's Elkol-Sorenson Mine near Kemmerer in southwestern 
Wyoming. The area is part of the cool desert sagebrush steppe 
vegetation type (West, 1983). Dominant plants are big sagebrush 
(Artemisia tridentata Nutt.) with associated shrubs and understory 
species. Annual precipitation at Kemmerer averages 22.6 centimeters 
annually with the highest precipitation occurring in spring and early 
summer. Average monthly temperatures range from -8°C in January to 17° 
C in July at Kemmerer (Parmenter and MacMahon, 1983). Wind is 
persistent and is expected to be a significant factor affecting soil 
moisture and dispersal of propagules. Land use other than mining 
consists mainly of grazing by livestock and wildlife (May, et.al., 
1971) • 
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MATERIALS AND METHODS 
Soil sampling 
Five topsoil piles were selected for sampling (Figure 1): two 
established in 1979, two established in 1981, and one established in 
1982. Selection criteria were as follows: 1) a range of ages of 
topsoil piles, 2) replicates of as many years as possible, 3) origin 
of topsoil piles in similar vegetation and soil types, and 4) 
construction during only one year. Test sampling of a topsoil pile 
constructed in 1977 and 1978 yielded very few seeds. From these 
results, it was assumed that most of the seeds had died within the four 
years of storage. This study was therefore restricted to years more 
recent than 1978. This assumption later proved to be false. 
Twenty-five sampling stations were selected on each topsoil pile. 
If heterogeneities of soil type were evident on the surface of the 
pile, an attempt was made to distribute the sampling stations in such a 
manner that each soil type was sampled proportionally to the size of 
its occurrence. At each sampling station, three cores were taken by 25 
cm depth increments with a Giddings soil auger. Litter and surface 
vegetation were removed at each site before coring. For each 25 cm 
increment of depth, the three cores were pooled into one opaque plastic 
garbage bag to constitute one sample. Final depth of sampling at each 
sampling station was limited by the ability of the auger to penetrate 
the soil at that location. The presence of large rocks and extremely 
Figure 1. 
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compacted soil layers made it impossible to sample deeper than 2.25 
meters at any location and limited sampling to less than one meter at 
many locations. 
Samples were transported to Logan and stored at cool temperatures 
in the dark until separation procedures were performed. Separations 
were performed on samples in random order to prevent confounding of 
results by length of time of storage after sampling. 
An undisturbed site (Figure 1) was selected for sampling to 
determine the original seed reserve before removal of topsoil to 
storage piles. This site corresponds to one of the vegetation types 
(number 2) that have been scraped and incorporated into the 1981 and 
1982 topsoil piles. It was chosen to represent the minimum of 
vegetation cover in order to obtain a estimation of the minimum density 
of seeds in the original seed reserve. A quadrilateral sample area was 
marked out within the vegetation type. A random point was selected on 
each side of the quadrilateral and transects were established between 
pairs of points on opposite sides. Twenty-five sampling points were 
chosen on the two transects; the number chosen on each transect being 
approximately proportional to its length. Locations of the points 
along the transects were established by selecting distances from a 
random numbers table. Twenty-five points were selected on each 
transect which resulted in 50 randomly placed sampling points. 
At each sampling point, a 347.5 cm3 soil sample was taken using a 
7.6 cm deep by 7.6 cm diameter soil ring. All litter and surface 
vegetation was included in the sample. Note was made of the species of 
plants, if any, under which the samples were taken. Samples were 
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placed in opaque plastic bags and stored in a cool, dark place until 
separation procedures were performed. Ideally, the original seed 
reserve should have been determined for all vegetation types that were 
removed and deposited in each topsoil pile. However, time constraints 
prevented such extensive sampling. 
Separation procedure 
The separation procedure is an adaptation of the process de-
scribed by Malone (1967). The samples taken from topsoil piles were 
thoroughly homogenized and a 100 g subsample taken for analysis. The 
samples taken from the undisturbed site were analyzed in their 
entirety. Samples were placed in 1 liter Ehrlenmeyer flasks and 
approximately 400 ml of water were added. The flasks were shaken for 
two minutes and then allowed to stand while th e inorganic fraction 
settled. The water and floating organic material were decanted into 
sieves and rinsed with tap water. This process was repeated three 
times for a total of four washings. A final washing was performed 
using 400 ml of a solution of one part sodium bicarbonate (NaHC03), two 
parts sodium hexametaphosphate, and five parts magnesium sulfate 
(MgS04) to 40 parts water. The purpose of this solution was to 
disperse clay particles and to float seeds more dense than water. 
After the final decanting, the organic material in each sieve was 
thoroughly rinsed with water and washed onto a filter paper in a 
Buchner funnel. Each sample was allowed to dry briefly with the vacuum 
pump on. Samples were removed from the funnel and left on a laboratory 
table under a Plexiglas cover until completely dry. 
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Pilot tests of the separation technique using known quantities of 
seeds added to soil samples indicated that recovery was over 97 % 
efficient. Species of seeds used were fourwing saltbush (Atriplex 
canes cens Purs h.), chea tgras s (Bromus tee to rum L.), linear-leaved 
rabbitbrush (Chrysothamnus linifolius Greene), spiny hopsage (Grayia 
spinosa Hook.), and big sagebrush (Artemisia tridentata Nutt.). These 
species were chosen to represent th e range of sizes, shapes and 
appendages that are present among the native seeds on the site. 
Viability testing 
Dried samples were examined under a binocular microscope and all 
seeds and vegetative propagules removed for testing. Seeds were tested 
for viability using the procedure described in United States Department 
of Agriculture Handbook 450; Seeds .£i_ Woody Plants in the United States 
(1974). Seeds were soaked for 18 hours in water to allow imbibition. 
Then each seed was pricked with a needle to allow passage of the 
2,3,5,-triphenyl tetrazolium chloride solution through the seed coat. 
Seeds were then soaked for up to 48 hours in a .1 percent solution of 
2,3,5,-triphenyl tetrazolium chloride in tap water in the dark. At the 
conclusion of the soaking period, each seed was e xamined under the 
microscope for signs of viability. Seeds were considered to be viable 
only if the embryo tissue was clearly stained red by the tetrazolium 
chloride. Faint red staining or staining of endosperm tissue only were 
not considered to be positive results for viability. The basis for 
this test for viability is the fact that 2,3,5,-triphenyl tetrazolium 
is reduced by dehydrogenase enzymes in live tissues to form stable red 
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triphenylformazan whi~h is insoluble in water. 
Seed and vegetative propagule identification 
A seed herbarium was established from plant material taken from 
the Kemmerer site during the summers of 1981 and 1982 and from seeds 
obtained from the seed collection of the Intermountain Herbarium at 
Logan, Utah. For species not represented in the seed herbarium but 
present on the list of species that have been found on the Kemmerer 
study site, attempts were made to locate photographs, drawings, 
descriptions, and any available information to aid identification. 
Specific references used extensively for photographs, drawings, and 
descriptions were Flora £f the Pacific Northwest (Hitchcock and 
Cronquist, 1973), Intermountain Flora, volume -.£_ (Cronquist, et al., 
1977), and Seed Identification Manual (Martin and Barkley, 1961). 
Drawings and descriptions were also made from the seed collection at 
the Garrett Herbarium, University of Utah, Salt Lake City, Utah. Using 
all of these reference materials, the viable seeds were identified as 
accurately as possible to the species level. 
Due to difficulties in distinguishing grass species from caryopses 
lacking lemmas and paleas, unidentified caryopses were identified as to 
color, size, shape, and cross-section. From these descriptions, grass 
caryopses were classified into one of the following groups: 
l) 
2) 
3) 
4) 
< 
3 
3 
3 
or 
-
-
= 2 
5 mm 
5 nnn 
5 mm 
mm long, terete in cross-section 
long, terete in cross-section 
l ong, cylin d rical 
l ong, oblong, flattened, furrowed in back 
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5) 6 - 8 mm long, terete in cross-section 
6) 6 8 mm long, oblong, flattened, furrowed in back 
Each of these groups was associated with a grass species or group of 
species that have caryopses that fit the group description: 
l) Puccinellia nuttalliana (Schult.) Hitchc. in Jeps., 
Muhlenbergia richardsonis (Trin.) Rydb., Poa pratensis L. 
2) Poa spp. except pratensis, Koeleria macrantha (Ledeb.) 
Schultes, Festuca idahoensis Elmer. 
3) Stipa columbiana Macoun, S. lettermanii Vasey, S. 
nevadensis B.L.Johnson 
4) Hordeum brachyantherum Nevski, ~ jubatum L. 
5) Melica bulbosa Geyer ex. Porter & Coult. 
6) Sitanion hystrix Nutt., Agropyron spp., Bromus tectorum L., 
Elymus cinereus Scribn. & Merr. 
Vegetative propagules were identified by structural 
characteristics when possible. Attempts were made to grow seedlings 
too young to be identified to a stage at which identification was 
possible. When these attempts failed, the propagules were identified 
as unknown monocots or dicots. 
Vegetation analysis 
For each topsoil pile included in this study, a vegetation 
analysis was performed on an undisturbed site that corresponded to the 
area from which the topsoil included in the pile was taken. Each 
undisturbed site was divided into visually uniform vegetation types 
which were sampled separately. Seven vegetation types were chosen to 
represent the areas scraped to construct topsoil piles 1981 and 1982. 
(Figure 1) Four vegetation types were chosen to represent the areas 
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scraped for sedimentation basins and deposited in topsoil piles 1979 
and 1979B (Figure 1). Five more vegetation types were sampled as 
representative of the area scraped to construct topsoil pile 1981B 
(Figure 1). (See Appendix for description of vegetation types). 
Sampling consisted of the demarcation of a quadrilateral sampling 
area within the boundaries of each vegetation type. A random point was 
selected on each side and opposite sides were connected by transects. 
Fifteen sampling points were distributed along these two transe~ts at 
random intervals. The number of points on each transect was 
approximately proportional to its length. At each sampling point, a 
round quadrat (one meter diameter) was placed and the vegetation was 
recorded by species and cover class. The cover classes used were <1%, 
1-5%, 6-15%, 16-25 %, 26-35%, 36-50%, 51-75%, 76-95%, and 96-100 % cover. 
The quadrat sampling was performed during July and August of 1982. 
During July 1983, the quadrat sampling was repeated on the same 
sampling areas as nearly as was possible. Two new transects were drawn 
connecting random points on opposite sides of the quadrilateral 
sampling area and 15 more quadrats were evaluated for species and cover 
per species. Species present in the vegetation but not detected by the 
quadrat sampling were added by repeated ocular surveys of the sample 
area throughout the 1982 and 1983 field seasons and were recorded as 
present. 
Statistical analysis 
Nonparametric analyses were used on the data due to the failure of 
the sample populations to approach normality when transformed with a 
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square root transformation (Figure 2). 
To evaluate the significance of the effect of topsoil origin on 
the number of seeds and on the number of species, a Kruskal-Wallis 
one-way analysis of variance was performed on the data. To evaluate 
the differences among topsoil piles, pairwise comparison tests were 
performed using the Mann-Whitney U test. 
Due to the nature of the soil sampling procedure with samples from 
s e veral depths drawn from the same auger hole, the data were analyzed 
for independence of samples from different depths at the same location. 
The correlation coefficient was calculated between the distribution of 
s e eds with depth at a single location and that same distribution with a 
lag of one depth. This process was repeated with the same distribution 
a nd a lag of two depths. These lag one and lag two correlation 
c o efficients were calculated at each of several locations on each 
topsoil pile. 
To test the effect of depth on the number of species and viable 
seeds in the topsoil piles, the Friedman two-way analysis of variance 
was applied to the data with combinations of topsoil piles as blocks. 
This test requires equal sample sizes for each block. The data from 
each pile were analyzed for the number of locations at which sampling 
reached a given depth. The pile with the minimum number of locations 
at which sampling reached that depth determined the number of locations 
randomly selected from the locations reaching that depth in the other 
piles. Three locations with samples from Oto 150 cm were selected for 
each pile. Four locations with samples from Oto 125 cm were selected 
for each pile. Thirteen locations were selected for Oto 100 cm and 19 
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Figure 2. Histograms of square root transformations of numbers of 
seeds in topsoil piles. 
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were selected with samples from Oto 75 cm. The Friedman two-way 
analysis of variance for depth effect was performed with the following 
combinations of topsoil piles as blocks: 1) each topsoil pile as a 
separate block, 2) all of the topsoil piles in one block, 3) topsoil 
piles combined by year of origin (1979 and 1979B, 1981 and 1981B), and 
4) -..__/ topsoil piles combined by vegetation type of origin (1979 and 
1979B, 1981 and 1982). 
Relative cover values for plant species from the vegetation 
analysis were compared to the number of seeds per species in the 
topsoil piles using Kendall's rank correlation coefficients corrected 
for ties. The number of seeds of each species from a given topsoil 
pile was compared to the relative cover values of each vegetation type 
s e lected as representative of the area of origin for that topsoil pile. 
The number of · seeds per species was also compared to the sum of the 
relative cover values for all of the representative veg e tation types 
for that pile. The numbers of seeds per species were combined for 
topsoil piles of similar origin (1979 and 1979B, 1981 and 1982) and 
these values were compared to the relative cover values from each of 
the representative vegetation types, as well as to the sum over all the 
vegetation types. 
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RESULTS 
The Kruskal-Wallis one-way analysis of variance showed the effect 
of topsoil pile origin on the numbers of species and viable seeds to be 
highly significant (P < .001). Mean densities of seeds range from a 
minimum of 160 seeds/m 2 to a depth of 7.5 cm in topsoil pile 1981B to a 
maximum of 2006 seeds/m 2 in topsoil pile 1979B (Table 1). 
Lable 1. Seed densities in topsoil piles and undisturbed soil. 
Topsoil pile 
1979 
1979B 
1981 
1981B 
1982 
undisturbed soil 
(vegetation type 2) 
Mean densities 
(Seeds/m 2 ) 
1.54 
1.76 
.34 
.14 
.27 
Standard 
deviations 
(Seeds/l00g) 
1.81 
2.65 
.68 
.44 
.67 
Mean densities 
(Seeds/m 2 
to 7.6 cm) 
17 55 
2006 
387 
160 
308 
311 
Comparisons of numbers of species and viable seeds in pairs of 
topsoil piles using the Mann-Whitney analysis produced the following 
results: (Table 2) 
1) Topsoil pile 1979 is significantly different from topsoil 
piles 1981 (P < .001), 1981B (P < .001), and 1982 (P < .001), 
but not significantly different from pile 1979B (P = .678 for 
seeds, P = .613 for species). 
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2) Topsoil pile 1979B is significantly different from topsoil 
piles 1981, 1981B, and 1982, but not significantly different 
from topsoil pile 1979. 
3) Topsoil pile 1981 is significantly different from topsoil 
piles 1979, 1979B, and 1981B (P = .004), but not significantly 
different from pile 1982 (P = .349 for seeds, P = .350 for 
species). 
4) Topsoil pile 1981B is significantly different from topsoil 
piles 1979,1979B,1981,and 1982 (P = .049 for seeds, P = .046 
for species). 
5) Topsoil pile 1982 is significantly different from topsoil 
piles 1979,1979B,and 1981B but not significantly different 
from pile 1981. 
Results of the Friedman two-way analysis of variance for effect of 
depth into the topsoil pile on the number of species and viable seeds 
showed no significant effects for any number of depths nor for any 
combination of topsoil piles as blocks (Table 3). 
Kendall's rank correlation coefficients between the number of 
seeds per species in a topsoil pile and the relative cover values for 
species in undisturbed areas representing the original state of the 
soil in the topsoil pile showed several significant correlations. The 
seeds in the 1979 and 1979B topsoil piles are significantly (P < .OS) 
correlated with relative cover values from vegetation types 8 and 11. 
(See description of vegetation types in Appendix). The sum of the seeds 
in the 1979 and 1979B topsoil piles is also correlated (P < .10) with 
these two vegetation types (Table 4). 
The seeds in the 1981B topsoil pile are significantly (P < .OS) 
correlated with relative cover values for vegetation type 4 and with 
the sum of relative cover values for all of the vegetation types 
sampled to represent the area scraped and stockpiled in topsoil pile 
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Table 2. Probability values for Mann-Whitney test for differences 
among topsoil piles. 
Topsoil 
pile 
1979 
1979B 
1981 
1981B 
seeds 
species 
seeds 
species 
seeds 
species 
seeds 
species 
Topsoil pile 
1979 1979B 
.678 
.613 
1981 1981B 1982 
.ooo .000 .000 
.ooo .ooo .ooo 
.000 .ooo .ooo 
.000 .ooo .000 
.004 .349 
.004 .350 
. 049 
.046 
Maximum 
depth 
1. 50 m 
1. 25 m 
1.00 m 
. 75 m 
Table 3. Probability values for Friedman two-way analysis of variance 
for depth effect. 
P - values 
Blocks Blocks Blocks 
seeds species seeds species seeds 
1* . 693 .910 1 & 2 .516 .674 
2 .921 . 744 
3 . 316 .316 3 & 4 .707 .707 all . 779 
4 .950 .950 
5 . 671 .671 3 & 5 .696 .696 
1 .835 .835 1 & 2 .631 .631 
2 .583 .583 
3 .448 .448 3 & 4 .822 .822 all . 734 
4 .902 .902 
5 .945 .945 3 & 5 .763 .763 
1 .736 .630 1 & 2 .304 .307 
2 . 417 .417 
3 .736 .736 3 & 4 .504 . 504 all .177 
4 . 775 . 77 5 
5 . 917 . 917 3 & 5 .717 . 717 
1 . 472 . 504 1 & 2 .3 70 .479 
2 . 568 .692 
3 . 692 . 692 3 & 4 .550 .550 all . 929 
4 . 7 59 .759 
5 .472 . 4 72 3 & 5 .488 .488 
* 1 = 1979, 2 = 19798, 3 = 1981, 4 = 198113, 5 = 1982. 
species 
. 940 
.734 
.200 
.808 
I'-.) 
N 
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Table 4. Probability values for Kendall's rank correlation 
coefficients for relative cover values per species in the vegetation 
versus number of seeds per species in the topsoil. 
Topsoil 
pile 
1 
1981 .203 
1981B .212 
sum .104 
undis. 
site 
Topsoil 
pile 
8 
1979 .006 
1979B .006 
sum .016 
Topsoil 
pile 
1981B 
12 
.400 
Vegetation types 
2 
.988 
.684 
.941 
.001 
3 
.442 
.543 
.262 
4 
.175 
.128 
.053 
Vegetation types 
9 
.543 
.355 
.369 
13 
.311 
10 
.398 
• 292 
.481 
11 
.007 
.040 
• 072 
Vegetation types 
14 15 
.858 .905 
5 
.026 
.037 
.009 
sum 
.628 
.618 
.339 . 
4 
.038 
6 
.780 
.847 
.949 
sum 
.005 
7 
.169 
.155 
.083 
sum 
.002 
.001 
.001 
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1981. The latter correlation is highly significant (P < .01). 
The seeds in the 1981 and 1982 topsoil piles are correlated with 
relative cover values for vegetation type 5 (P < .OS). They are also 
highly significantly (P < .01) correlated with the sum of the seven 
vegetation types sampled to represent the areas of origin of the soil 
in topsoil piles 1981 and 1982. The sum of the seeds in the 1981 and 
1982 topsoil piles shows the same significant correlations as well as a 
correlation (P < .10) with relative ' cover values from vegetation types 
4 and 11. 
The mean density of seeds in the soil of the undisturbed site is 
1.42 seeds per 347.5 cm 3 sample. This density is equivalent to 311 
s e eds/m 2 to a depth of 7.6 cm. The standard deviation is large (2.4 
seeds per 347,5 cm3 sample) which indicates that a much larger sample 
size is required to accurately estimate the density of the undisturbed 
seed reserve. 
The correlation of the number of seeds and vegetative propagules 
per species in the soil of the undisturbed site with relative cover 
values for the vegetation at the same site is highly (P < .10) 
significant. 
The proportion of annual species present in the vegetation and in 
the seed reserve was calculated for each vegetation type and for each 
topsoil pile (Table 5). 
Table 5. Proportion of annual species in the 
vegetation and seed reserve. 
Vegetation type % annual cover Topsoil pile 
1 16.0 1981 
2 12.9 
3 7.7 
4 3 .1 1982 
5 14.7 
6 55.2 
7 22.2 
mean 1 - 7 19.0 mean 1981, 1982 
8 50.7 1979 
9 11. 7 
10 37.5 1979B 
11 77 .8 
mean 8 - 11 45.2 mean 1979, 1979B 
12 11. l 
13 17 .1 
14 41.8 1981B 
15 9.9 
mean 12 - 15, 4 
25 
% annual seeds 
70.1 
51.0 
60.6 
60.3 
84.2 
73.4 
50.0 
----------------------------------------------------------------------
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DISCUSSION 
Density and depth effect 
The mean density of viable seeds present in the topsoil piles and 
undisturbed soils studied is low at Kemmerer with a range of 160 
seeds/m 2 to a depth of 7.5 cm to 2006 seeds/m 2 (Table 1). In studies 
of stockpiled topsoil from North Dakota native mixed grass prairie, 
Brophy (1980) found 186 seeds/m2 to a depth of 7.5 cm and Iverson 
(1981) found a range of 255 seeds/m 2 to 520 seeds/m 2 • Seed density in 
undisturbed soil (vegetation type 2) was determined to be 311 seeds/m 2 
to a depth of 7.6 cm. This density is quite low which may be a result 
of the sparse perennial vegetation and the shallow, rocky soils. This 
may be considered to be a minimum density for the vegetation types 
included in this study. Beauchamp, et al. (1975) found somewhat more 
seeds in undisturbed soil in southwestern Wyoming but their samples 
were taken from more densely vegetated sites. Seed densities measured 
in several other undisturbed semiarid wildland plant comm uni ties are 
listed in Table 6. Most of the studies listed used germination 
techniques which are expected to detect a smaller proportion of the 
actual viable seed population than the washing/tetrazolium techniques 
used in this study. However, a positive test for viability using a 
vital stain does not necessarily mean that the seed will be capable of 
germination. From these data, it appears that the seed reserve is 
diluted by topsoil removal and stockpiling processes. 
Table 6. Seed density in seed banks of diverse community types. (From Iverson and Wali, 1982; 
Hassan. 1983) 
Investigation 
Iverson and Wali, I982 
Brophy, 1980 
Lippert and Hopkins, 
1950 
Beauchamp 1 et al. 1 1975 
Johnston, et al. 1 1968 
Major and Pyott 1 1966 
Hassan, 1983 
Study site Depth (cm) 
North Dakota prairie 
grazed site, mixed grass 
ungrazed site, mixed grass 
North Dakota prairie 
ungrazed site, mixed grass 
6-year old mined site 
I 
Kansas prairie 
grazed mixed grass site 
overgraied short grass site 
grazed short grass site 
25-year old abandoned field 
Southwestern Wyoming 
sagebrush grass 
Alberta 
ungrazed rangeland 
heavily grazed rangeland 
California 
ungrazed bunchgrass 
grazed bunchgrass 
Utah 
unburned sagebrush-grass 
burned sagebrush-grass 
0-15 
0-15 
0-7.5 
0-7.5 
0-1.25 
0-1. 25 
0-1.25 
0-1.25 
0-5 
0-2.5 
0-2.5 
0-5 
0-5 
0-5 
-0-5 
2 Total seeds/m 
7740 
3870 
990 
2460 
440 
3640 
760 
5130 
370 
2970 
3240 
8230 
12290 
13-86 
-3-80 · .. 
Method 
Germination from cores 
for 16 months. 
Washing/tetrazolium 
Washing/tetrazolium 
Germination in boxes 
from 930 cm2 samples 
for 76 days. 
Germination in flats 
from 100cm2 samples 
for: 6 weeks. 
Germination from cores 
for 3 weeks. 
Germination from cores 
for 6 months. 
Washing/tetrazolium 
· · Washing/tetrazolium 
N 
-...J 
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In undisturbed soil, most of the seeds are located in the surface 
two cm (Hayashi and Numata, 1971; Goodall and Morgan, 1974; Nelson and 
Chew, 1977; Iverson, 1981). Viable seed number decreases exponentially 
with increas ,ing depth from the soil surface, with very few seeds 
present below five cm (Major and Pyott, 1966; Childs and Goodall, 
1973). Standard topsoil removal processes result in removal of all 
layers of topsoil as well as subsoil layers that have been determined 
to be suitable plant growth media. The topsoil is removed and 
stockpiled by depth increments greater than five cm at the study area. 
As a result, surface soil with abundant seeds is removed concomitantly 
with subsurface soil which contains few seeds. Mixture of these depths 
of soil results in dilution of the seed reserve. This dilution during 
topsoil removal is a partial explanation for the low densities of seeds 
in stockpiled topsoil. 
One of the objectives of this study was to determine the position 
of the seed reserve in topsoil stockpiles. This study found no 
significant differences in the number of viable seeds at different 
depths in any of the topsoil piles. The null hypothesis that the 
density of the seed reserve does not vary with depth into the topsoil 
pile cannot be rejected for the surface 1.5 meters. 
Effect of length Ef time Ef storage 
Part of the second objective of this study was to determine the 
effect of length of time of storage of topsoil on the number of viable 
seeds present. The topsoil piles built in 1979 have significantly 
greater numbers of seeds present than the other topsoil piles. Thus, 
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the null hypothesis that the number of viable seeds will not decrease 
with increasing time cannot be rejected. Other significant differences 
among topsoil piles do not correspond to differences in year of origin. 
The 1981B topsoil pile is significantly different in number of seeds 
from the 1981 topsoil pile despite having been built in the same year. 
In contrast, the 1981 topsoil pile and the 1982 topsoil pile are not 
significantly different in numbers of viable seeds or numbers of 
species despite different years of origin. 
These results suggest that factors other than length of time of 
storage are more important in determining the number of viable seeds 
present during at least the first three years of topsoil storage. 
Pairs of topsoil piles that do not show significant differences origi-
; 
nated in areas with similar vegetation. The 1979 and 1979B topsoil 
piles consist of soil removed from grassy drainageways on the northeast 
section of the mine. The 1981 and 1982 topsoil piles consist of soil 
removed from contiguous areas with similar vegetation on the east-
facing slopes of the ridge. Vegetation on the sites from which the 
soil in topsoil pile 1981B was removed is different from that on the 
sites of origin of the other four topsoil piles. The results of this 
study support the suggestion that differences in the vegetation on the 
site of origin of the soil in a topsoil pile is more closely related to 
differences in the densities of seeds in those topsoil piles than is 
the length of time of storage. 
Another factor that may be important in determining the density of 
seeds in stored topsoil is the depth of soil removed from the site of 
origin. The 1979 and 1979B topsoil piles consist of soils removed to 
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build sedimentation basins. The basins are shallow and it is doubtful 
that the topsoil piles contain much subsoil. The other three topsoil 
piles consist of soils removed from areas to be mined. Since soils are 
shallow near the crest of the ridge, subsoil would be included to 
provide adequate plant growth medium to be respread to the depth 
required by the reclamation plan. Soil characteristics observed on the 
surfaces of the 1981, 1981B, and 1982 topsoil piles support the 
suggestion that many of the surface layers of these topsoil piles are 
subsoil rather than topsoil. Differences in proportion of subsoil to 
topsoil in the different piles would affect the seed densities due to 
the paucity of seeds in subsoil relative to topsoil. 
Density of seeds in the soil has been shown to vary seasonally 
(Beauchamp, et al., 1975; Merritt, 1976; Thompson and Grime, 1979; 
Hassan, 1983). Seed densities also vary from year to year due to 
different climatic conditions (Nelson and Chew, 1977). These two 
levels of temporal variability in the seed reserve of undisturbed areas 
interact with the timing of topsoil removal to affect the original seed 
density of the soil incorporated into each topsoil pile. 
Original seed density in topsoil (as determined by the plant 
community and the season and year of topsoil removal) and proportion of 
topsoil to subsoil may have a greater collective effect in determining 
the present seed density of stockpiled topsoil than does the length of 
time of storage during the first three years of storage. Conditions 
within the topsoil pile may also act to maintain dormancy and reduce 
the exponential loss of seed viability with time (Roberts and Dawkins, 
1967; Taylorson, 1970; Lewis, 1973). A combination of these and other, 
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unknown factors may be responsible for the lack of consistent effect of 
length of time of storage on seed densities in this study. They may 
also be responsible for the highest seed densities occurring in the 
oldest topsoil piles. 
Species diversity 
Diversity of the seed reserve was evaluated as the number of 
species (species richness). Identical statistical analyses were 
performed as for number of seeds and the results for number of species 
were the same. Factors affecting the numbers of seeds are suggested to 
have similar effects on the numb ers of species. 
Species composition 
Species composition of the seed reserve was evaluated as number of 
seeds per species. Species composition of undisturbed vegetation 
representing sites of origin of the soil in the topsoil piles was 
evaluated by calculating a relative cover value for each species. 
Comparison of species composition among seed reserves and corresponding 
vegetation resulted in significant correlations in several cases (Table 
3). The seeds in the topsoil piles from 1981 and 1982 were 
significantly correlated with the sums of the relative cover values 
from their respective representative vegetation types. This suggests 
that there is some resemblance of the species composition of the seeds 
in a topsoil pile to the species composition of the undisturbed 
vegetation on the sites from which the soil was taken, if the entire 
area of origin is considered. 
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Weedy annual species are expected to have longer-lived seeds than 
perennial species (Lippert and Hopkins, 1950; Lewis, 1973; Thompson and 
Grime, 1979). As a result, seed reserves without additional input of 
seeds would be expected to be progressively dominated by seeds of 
annual species (Johnson, 1975). The 1981 and 1982 topsoil piles con-
sist of soil removed from sites supporting similar vegetation. The 
proportion of annual species present in the seed reserve in the 1981 
topsoil pile (70.1%) is 19.1% larger than that of the seed reserve in 
the 1982 topsoil pile (51.0%)(Table 6). However, the proportion of 
annual species in the 1979B topsoil pile (84.2%) is 23.9 % larger than 
that of the 1979 topsoil pile (60.3%). These two topsoil piles also 
consist of soil removed from sites supporting similar vegetation. The 
differences observed in species composition between 1981 a nd 1982 is 
not larger than the difference observed within 1979. The null 
hypothesis that species composition will not change with increasing 
length of time of storage cannot be rejected with these data. 
The increase observed in proportions of annual species in topsoil 
piles from 1981 and ' 1982 is not larger than the difference observed 
between two topsoil piles from 1979. Assuming perennial species to 
represent later successional stages, the null hypothesis that the 
proportion of viable seeds representing later successional stages will 
not decrease with increasing storage time cannot be rejected. 
Pioneer species 
After topsoil was respread on the 12UC Kemmerer site, the pioneer 
species that dominated the vegetation was Salsola kali. No seeds of 
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this species were found in any of the topsoil piles studied. This fact 
agrees with results of other studies on reclaimed areas and supports 
the suggestion that this species relies on dispersal in space 
(immigration) rather than dispersal in time (seed dormancy) to locate 
safe sites for establishment (Brophy, 1981; Iverson,1981). 
Vegetative propagules 
To this point, all discussion has been concerned with viable seeds 
found in the soil. Viable vegetative propagules were only found in the 
soil samples from the undisturbed site. As a result, this study fails 
to reject any of the null hypotheses concerning vegetative propagules. 
The significant correlation of the seed and vegetative pr'opagule 
reserve from the undisturbed site with the vegetation on that site is 
contrary to the results of most studies of seed reserves (Oosting and 
Humphries, 1940; Major and Pyott, 1966; Thompson and Grime, 1979). The 
correlation in this study is improved by the inclusion of vegetative 
propagules in the sample. Howard and Samuel (1979) and Hinchman and 
Taylor (1981) suggest that the vegetative propagules are responsible to 
a large degree for the increased species diversity and vegetative cover 
on directly respread topsoil as compared to stockpiled topsoil. 
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SUMMARY 
The objectives of this study were to determine the location of the 
seed reserve with depth into a topsoil pile and to evaluate the effect 
of length of time of storage on the number of viable seeds and number 
of species of seeds. Results showed the overall density of seeds in 
topsoil piles to be low. No relationship was found between depth into 
the topsoil pile and the number of seeds or species. 
The number of seeds and species in the topsoil pile showed no 
decrease with increasing length of time of storage. The proportion of 
annual species in the seed reserve was not shown to increase with 
storage time. Factors that were suggested to affect the density and 
species richness of the stored topsoil were the plant community from 
which the soil was removed, the depth of soil removed, and the timing 
of topsoil removal. 
Species composition of the seed reserve in three of the five 
topsoil piles studied was correlated with relative plant cover of the 
sites of origin of the soil, if all of the representative vegetation 
types were included. 
Vegetative propagules were not present in any of the stored 
topsoil piles. 
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APPENDIX 
Vegetation types 
l) East-facing slope below ridge crest. Low shrub, rocky soil. 
Dominant species: Artemisia arbuscula, Artriplex gardneri, 
Phlox hoodii, Paa sandbergii, Sitanion hystrix. 
2) Crest of ridge. Cushion plants, shale outcropping. 
Dominant species: Arenaria hookeri, Phlox hoodii, Poa 
sandbergii, Sitanion hystrix, Trifolium dasyphyllum. 
3) Lower east-facing slope. Large shrub, gentle slope. 
Dominant species: Agropyron smithii, Artemisia arbuscula, 
Artemisia tridentata, Chrysothamnus viscidiflorus, Poa 
sandbergii. 
4) Steep drainageway on east-facing slope. Large shrubs, deep soils. 
Dominant species: Amelanchier utahensis, Chrysothamnus 
viscidiflorus, Penstemon species, Potentilla species, 
Symphoricarpos oreophilus. 
5) Head of drainageway on east-facing slope. Grasses with shrubs, 
deep soils. 
Dominant species: 
Microseris nutans, 
species. 
Achillea millefolium, Erigeron speciosus, 
Symphoricarpos oreophilus, various grass 
6) South-facing lower slope. Scattered large shrubs, reddish soils. 
7) 
Dominant species: Artemisia tridentata, Bromus tectorum, 
Grayia spinosa, Oryzopsis hymenoides, Sarcobatus 
vermiculatus. 
South-facing lower slope. 
Dominant species: 
Haplopappus acaulis, 
Scattered large shrubs, grayish soils. 
Artemisia arbuscula, Bromus tectorum, 
Phlox hoodii, Sarcobatus vermiculatus. 
8) ' Gently sloping drainageway. Thick grass, deep soil. 
9) 
Dominant species: Agropyron smithii, Hordeum jubatum, Paa 
pratensis, Polygonum aviculare, Puccinellia nuttalliana. 
South edge of gently sloping drainageway. 
Dominant species: Artemisia 
tridentata, Astrgalus diversifolius, 
Paa scabrella. 
Large shrubs. 
arbuscula, Artemisia 
Machaeranthera commixta, 
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10) North edge of gently sloping drainageway. Large shrubs. 
Dominant species: Agropyron smithii, Atriplex gardneri, 
Lepidium perfoliatum, Poa scabrella, Sarcobatus vermiculatus. 
11) Disturbed drainageway. Annual chenopods, salt-encrusted soils. 
Dominant species: Bassia hyssopifolia, Puccinellia 
nuttalliana, Sarcobatus vermiculatus, Sitanion hystrix. 
12) Le vel area on east-facing slope. Junipers, exposed rocky soil. 
Dominant species: Artemisia arbuscula, Eriogonum 
brevicaule, Juniperus scopulorum, Poa sandbergii, Sitanion 
hystrix. 
13) Shallow lower east-facing slope. Low shrubs, exposed rocky soil. 
Dominant species: Artemisia arbuscula, Chrysothamnus 
viscidiflorus, Phlox hoodii, Poa sandbergii, Si tanion 
hystrix. 
14) Steep lower east-facing slope. Large shrubs. 
Dominant species: Artemisia tridentata, Bromus tectorum, 
Chrysothamnus viscidiflorus, Purshia tridentata, 
Symphoricarpos oreophilus. 
15) Level area between road and ridge. Large shrubs. 
Dominant species: Artemisia tridentata, Astragalus 
diversifolius, Chrysothamnus viscidiflorus, Oryzopsis 
hymenoides, Poa scabrella. 
